The present study aims to determine the levels of the heavy metals manganese (Mn) and zinc (Zn) contained in the fungicide Mancozeb in the eggs and musculature of the rainbow trout (Oncorhynchus mykiss W.) which have grown in an environment, containing a permissible amount of Mancozeb and fed with or without the carotenoid pigment astaxanthin. The study follows the feeding, then the analysis of the level of Mn and Zn in the eggs and musculature of the rainbow trout, treated with and without the pigment astaxanthin and the fungicide Mancozeb. The determination of Mn and Zn concentrations is performed using a modern method for measuring macro-and microelements with an atomic absorption spectrometer, which is characterized by high selectivity, swiftness and sensitivity. Experimental data show accumulation of Mn and Zn, contained in the fungicide Mancozeb even when its concentration in the habitat does not exceed the maximum permissible levels in the normative documents. As a result, the analysis of the eggs and musculature shows the same trend regarding the accumulation of Mn and Zn. In non-fertilized, as well as in fertilized rainbow trout eggs and musculature, the experimental data show a slight increase of Mn and Zn in the presence of only astaxanthin in the added feed and a significant decrease in these metals in the presence of both astaxanthin and Mancozeb. The supplementation of astaxanthin in the diet can significantly reduce the rate of heavy metals accumulation in fish tissues and eggs, but high concentrations of these pollutants in the aquatic environment over a longer period of time would certainly result in metabolic disturbances in the fish body and reduction of their eggs' hatchability.
INTRODUCTION
The cross-application of pesticides in agriculture for eliminating crop pests is the cause of their leading role in environmental pollution. Pesticides and their metabolites are characterized by horizontal and vertical migration into the soil through rain and irrigation water from where they penetrate into groundwater (1) . These toxicants, which have entered the water basins, have the ability to squeeze into the hydrobionts and to exert their effect, causing undesirable metabolic changes. Even low levels of pesticides can cause disorientation in the choice of food and habitat ___________________________ in fish (2) (3) (4) (5) (6) . Pollutants of this nature are often lead to the reduction of the immune protection of aquatic organisms. A condition known as M74 (7) which involves a decrease in habitability of eggs, yolk outflow and early mortality in salmon fish has been observed. The presence of toxicants in water for aquaproduction can be eliminated with farming of fish in recirculation systems (8) (9) (10) (11) . High purification effect during intensive growing of different species uses C. vulgaris for biological treatment of water (9, 12) . There are many other alternative methods of water treatment, which ensure the development of sustainable aquaculture (9, 13, 14) .
The Commission Directive 2005/72/EC (15) defines Mancozeb as fungicide, which is a polymer blend of Zn and Mn-ethylene dithiocarbamates. According to our research, the metabolic product of this fungicideethylene thiourea -does not accumulate in large quantities in the organism and the eggs and does not have a toxic effect even after prolonged treatment of adult individuals of salmonid fish (16) . As for concentrations of Mn and Zn contained in the mentioned fungicide, their accumulation has been observed even after the use of acceptable amounts of Mancozeb as treatment. This is most likely due to the ability of Salmonidae to accumulate heavy metals over time and serve as excellent bioindicators for contamination (17) (18) (19) .
It was found that the heavy elements are accumulated primarily in the liver, musculature and eggs of fish. Heavy metals such as Cd, Cr, Fe, Mn, Pb, Mg, Hg, Mo, Ag and Zn, in the form of ions easily enter the larvae and the eggs (20) (21) (22) (23) (24) (25) (26) (27) , causing reduction of the rate of formation of the vertebral column, growth, metabolism and absorption of the yolk and the water-mineral and acid-alkaline balance by inhibiting the activity of the ion pump in the gills or epithelium of the yolk bubble. The sensitivity of eggs depends on the duration of the impact (21) .
Mn, as an important biogenic element, realizes its biochemical role by participating as a cofactor in enzymes such as arginase, superoxide dismutase and pyruvate carboxylase (28) . It contributes to the maintenance of the nervous and the immune system and the regulation of blood sugar.
Excessive rise in Mn levels in aquatic invertebrates and fish leads to a significant reduction in the number of red and white blood cells and the amount of hemoglobin. Reduction of red blood cells and hematocrit is due to internal bleeding, possibly due to necrosis of the intestinal mucosa and kidneys (29) .
Low doses of Zn are needed to maintain cell membrane integrity, bone mineralization and wound healing. High concentrations of Zn in fish (trout) leads to structural changes in the main classes of lipids and a number of enzyme proteins (30) , a decrease in the activity of ceruloplasmin as well as necrosis of the liver tissue (1).
Hydrobionts, especially salmon fish, are extremely sensitive to environmental pollution. These organisms also react to the smallest deviations in heavy metal levels and are therefore used as bio indicators for water contamination (31, 32) .
Trout family are a particularly preferred product on the fish market as they are safe and high quality food containing valuable ingredients such as unsaturated fatty acids, vitamins and complete proteins.
These aquatic species have the ability to accumulate heavy metals in their tissues in levels, thousands of times higher than those in the surrounding water environment. Often, the quantities of these elements in water are within the permissible limits, but over time the concentration in the fish body significantly exceeds the admissible levels. Pigments such as astaxanthin and canthaxanthin, added in certain quantities, can significantly reduce the accumulation and impact of heavy metals in the body of these fish species (33) . In view of these facts, further research is needed.
The aim of this study is to determine the levels of heavy metals Mn and Zn contained in the pesticide Mancozeb in the eggs and musculature of the rainbow trout (Oncorhynchus mykiss W.) grown in environment containing a quantity of Mancozeb eligible under the European legislation with/without astaxanthin pigment. юThe implementation of the above mentioned aim requires us to find out whether limited concentration of Mancozeb can lead to the accumulation of Mn and Zn in the rainbow trout eggs and musculature, which can be hazardous to human consumers.
MATERIALS AND METHODS

Experimental period and fish collection
The study was conducted in 2015 and included the following steps: feeding and analysis of the content of heavy metals Mn and Zn in the eggs and musculature of the rainbow trout (Oncorhynchus mykiss W.) with and without treatment with the carotenoid pigment astaxanthin and the fungicide Mancozeb. Fishes with a body weight of 915 ± 23 g were divided into four groups -untreated, treated with Mancozeb, treated with astaxanthin and treated with both Mancozeb and astaxanthin. Rainbow trout farming took place in a Bulgarian fish farm near the Tundzha River and Sredna Gora. The qualitative and quantitative parameters of the water used for the breeding of the fish species complied with Regulation № 44 (34). Тhe waters of Tundzha
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River were used as a water source. Their temperature varied from 4.2°C to 19.8°C and dissolved oxygen from 9.1 mg.l -1 to 10.8 mg.I -1 depending on the season and the time of sampling during the day.
The fish were fed with specialized extruded fodder AQUA ECO (Austria). The carotenoid pigment astaxanthin was provided through a specialized granulated fodder "AQUA PROFI PIGMENT" of the company "AQUA GARANT" -Austria with the following ingredients: Table 1 , (35) . When working with fish, the requirements of Ordinance №20 of 01.11.2012 on the minimum requirements for the protection and humane treatment of experimental animals and the requirements for the use, breeding and / or delivery within the Bulgarian legislation were met. The animals were not exposed to unnecessary pain or suffering.
The samples were immediately frozen after collection, transported to a refrigerator and stored for a maximum of 14 days at 12°C before the analysis.
The preparation of the biological samples for determining of the tested heavy metals was carried out by mineralization in a mixture of 1 ml concentrated HCl and 6 ml concentrated HNO 3 acids. The determination of concentrations of the heavy metals Mn and Zn concentrations was performed on an atomic spectrometer Perkin Elmer (AAS-GF-Analist 800).
The determination of the concentration of astaxanthin in the samples was made according to the procedure described by Tzanova et al.
(2018) (38) and Tzanova, (2017) (16) .
Statistical methods
The statistical analyses were performed with Statistica 6.1 (Statistics for Windows, Stat Soft Inc., USA) using an ANOVA test.
RESULTS
The accumulation of these elements can be significantly reduced by adding the xanthophyll pigment astaxanthin (39) to the feed. These compounds are powerful antioxidants that determine the color of the musculature and eggs in salmonids (40) (41) (42) .
It has been shown that the presence of these carotenoids in the egg leads to an increase of egg fertility, lower fetal mortality, so that the fry obtained do not suffer from reproductive syndrome M74, even at the risk of this disease (7, 38) . The addition of synthetic astaxanthin to food not only prevents the development of M74 but also improves the organoleptic qualities of trout (salmon trout), which also leads to an increase in consumers' interest (43) .
The levels of the heavy metals Mn and Zn contained in the above-mentioned fungicide which has been studied in the rainbow trout eggs and musculature can be influenced by the presence of the antioxidant astaxanthin in food. Changes in the concentrations of these metals either when this pigment is present or absent in rainbow trout eggs and musculature are illustrated in Figures 1, 2, 3 and 4 .
The results listed in Figure 1 show that the nonfertilized eggs of salmonids contain twice as many Mn as the fertilized caviar of the same fish species. A number of studies worldwide prove the same trend -higher sensitivity to pollutants in non-fertilized fish eggs, compared to fertilized (44) . Data which refer to the change in manganese concentrations in the presence or absence of the pigment astaxanthin, as well as the changes in its levels in these situations, are given in Figure 2 .
Data show that the increase of astaxanthin by adding it to trout food, leads to a decrease of Mn accumulation in musculature, which is an important economic, ecological and social aspect. Zn levels measured in the egg and musculature of the same trout species (Figure 3) prove a similar trend regarding the accumulation of heavy metals with and without the presence of astaxanthin and Mancozeb in the aquatic environment and food. In non-fertilized eggs, as well as in fertilized eggs and the musculature of rainbow trout, the reported data show a slight increase of zinc in the presence of only astaxanthin in the added feed and a significant decrease of that metal in the presence of astaxanthin and Mancozeb. This trend is explained by the presence of the studied biogenic element in the diet. 
DISCUSSION
Hydrobionts such as Salmonidae are often exposed to various types of toxicants such as pesticides and their metabolites, chlorine compounds, heavy metals and others. Some of these agents can act not only through their metabolic products, but also through the heavy elements contained in them. This is also the case with the fungicide Mancozeb, which can exert its toxic effect by incorporating the heavy metals Mn and Zn into the water basins which are the living environment for trout.
Analysis relating to manganese content in the musculature of treated salmonids clearly shows the protective role of astaxanthin in the presence of Mancozeb in the growing habitat. The presence of this power antioxidant significantly reduces the accumulation and consequent negative effects of Mancozeb.
The obtained data show a certain increase in manganese levels relative to the mean value in both egg types with only astaxanthin in the middle. This result can be explained by the way untreated breeders are grown. They inhabit vast earth basins and consume the natural food base (larvae, arthropods, mollusks and fish). The highest manganese value significantly exceeding the calculated arithmetic mean is measured in egg samples treated with Mancozeb only (1.23 mg.kg -1 ). Significantly higher concentrations of Mn in the eggs treated only with the studied pesticide compared to astaxanthin and Mancozeb have been observed simultaneously. The presence of the antioxidant has led to a decrease in the accumulation of manganese in both eggs types. The obtained result confirms the thesis of reducing the accumulation and impact of heavy metals and other toxicants in the presence of xanthophylls like astaxanthin in feed of farmed fish. Most of the established values of the four sample types are below the calculated average of Zn for the whole analysis, and below maximum permissible norms for content of this metal in this species of fish (45) . The levels of this heavy metal registered in nonfertilized egg treated with Mancozeb are slightly below the determined average for the entire sampling period. The mean and maximum permissible values exceed the norms in samples taken from rainbow trout musculature treated with astaxanthin and Mankozeb or Mankozeb only.
As a result of the study, accumulation of zinc in the muscles was found to be above the regulatory requirements (50 mg.kg -1 ) (45, 46) , which indicates an overtime accumulation of this element, even with the use of Mancozeb in permissible concentrations. The established levels of this heavy metal in the musculature are a cause of concern, because this part of the fish is mainly used for human consumption. It turns out that it is possible to accumulate Zn in the fish body, even when using this fungicide within normal limits, due to the penetration of its metabolites and heavy metals into the groundwater and the water basins where aquatic organisms find their natural habitat.
Zinc renders a higher toxicity on aquatic organisms compared to manganese, which is why the regulations do not set any limits for the Mn content in food. This study has therefore established the particular presence of abnormal levels of zinc.
The results of the study prove the ability of Salmonids to accumulate heavy metals in their tissue of levels several times higher than those in the surrounding aquatic environment, even when the quantities of these elements in the waters are within the permissible norms. The recorded data indicates an accumulation of heavy metals Mn and Zn contained in the fungicide Mankozeb even when its concentration in the environment does not exceed the maximum permitted levels in the normative documents.
The concentrations of Mn and Zn, registered in salmonids' non-fertilized egg are significantly higher than those in the fertilized egg of the same type of fish. The probable reason for this result is the way of growing untreated breeders. They inhabit extensive ground basins and consume the natural food base. Highest Mn values (1.23 mg.kg -1 ) have been found in non-fertilized eggs samples treated with Mankozeb, while a maximum Zn concentration has been measured in the musculature samples treated with Mankozeb.
As a result of the analysis of the Mn and Zn levels in rainbow trout eggs and musculature, one and the same tendency has been observed regarding the accumulation of these heavy metals. In non-fertilized rainbow trout eggs, as well as in fertilized rainbow trout eggs and musculature, the reported data show a slight increase in manganese and zinc in the presence of only astaxanthin in the added food and a significant decrease in these metals in the presence of both astaxanthin and Mancozeb.
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This trend is explained by the fact that trout food contains the studied biogenic elements. The obtained result confirms the thesis of reducing the accumulation and impact of heavy metals and other toxicants in the presence of xanthophyll, like astaxanthin in the feed of farmed fish. Adding astaxanthin to the diet can significantly reduce the speed of heavy metal accumulation in fish tissues and eggs, but the presence of high concentrations of these pollutants in the aquatic environment over a prolonged period of time will undoubtedly result in metabolic disturbances in the fish body and decrease in the hatchability of their eggs. The obtained results prove the exceptional sensitivity of salmon fish that react to even the smallest changes in the levels of heavy metals, which makes them excellent indicators for pollution of freshwater and saltwater basins.
CONCLUSION
The supplementation of astaxanthin in the diet can significantly reduce the rate of heavy metals accumulation in fish tissues and eggs, but high concentrations of these pollutants in the aquatic environment over a long period of time would certainly result in metabolic disturbances in the fish body and reduction of their eggs hatchability.
